Background Hairdressers and allied occupations represent a large and fast growing group of professionals. The fact that these professionals are chronically exposed to a large number of chemicals present in their work environment, including potential carcinogens contained in hair dyes, makes it necessary to carry out a systematic evaluation of the risk of cancer in this group.
Introduction
Hairdressers, barbers and beauticians represent an important occupational group, with 4800 000 people employed in the USA and $1 million in Europe.
1,2 In the USA, this figure will grow 14% through 2016, faster than the average of all occupations.
1 These professionals are exposed to several thousands of chemicals contained in colorants, bleaches, shampoos and hair conditioners. Furthermore, hairdressers may be exposed to volatile solvents, propellants and aerosols from hair sprays as well as to formaldehyde, methacrylates and nitrosamines contained in many hair care products. 3 Several of these chemicals, essentially those contained in hair dyes, are potentially carcinogenic and some of them have been found in the urine of cosmetologists. 4, 5 Our previous meta-analysis did not show any marked increase in the risk of cancer for personal use of hair dyes. 6 However, the fact that exposure to hair dyes is more prolonged in occupational settings, and has a higher concentration and frequency than personal exposure, in addition to the fact that they may be exposed to carcinogens contained in other products than hair dyes, puts hairdressers, barbers and beauticians at higher risk of cancer. The main social partners in the European hairdressing industry have recently expressed their growing concern on occupational diseases and emphasized the fact that hairdressers have no influence on the composition of cosmetic products, in spite of being exposed to them. 7 Although some studies found an increased risk of cancer among hairdressers, 8, 9 others failed to find any association. 10, 11 The International Agency for Research on Cancer (IARC) reaffirmed recently that occupational exposure of hairdressers and barbers was 'probably carcinogenic' and that, globally, there was 'limited evidence' on this carcinogenicity. 12 An increased risk of cancer among hairdressers and personal appearance workers would cause an important public health concern given the large number of people employed in this sector. To date, no comprehensive meta-analysis has focused on the relation between occupational exposure among hairdressers and allied occupations and the risk of cancer. We therefore sought to explore this issue through a meta-analysis, adhering strictly to the MOOSE guidelines for meta-analyses of observational studies. 13 We searched meeting abstracts using the ISI Proceedings database from inception to 2009. Furthermore, we manually examined the bibliography of the papers that were retrieved electronically and of recent narrative reviews and monographs on carcinogenic risks of hairdressers. 3, 14 During a recent expert meeting on the same topic, held at IARC (Lyon, France), 15 we contacted scientists working on the subject or reviewing it to identify studies that we had potentially missed in our search. We also searched for unpublished studies and results published in other supports such as internal reports, PhD dissertations and other theses. Finally, in order to complete our search and make it inclusive of those studies that list estimates for hairdressers as secondary exposure only-which may have been thus missed in previous computerized searches-we have checked the tables of every article that considers occupation at large, and not only employment as a hairdresser, as an exposure factor of cancer. We defined a study unit (or dataset) as the analysis of the relation between occupational hairdressing exposure and cancer of a specific anatomic site. As different anatomic sites may be reported in the same article, a single publication could then report more than one study unit. For the sake of simplification, in this report we use the term 'study' as a synonym for study unit or dataset.
Methods

Search strategy
All searches were carried out independently by two epidemiologists (B.T. and A.M.M.) and discrepancies were resolved by agreement.
Inclusion criteria and data collection Studies were included if they met the following criteria: (i) presented original data from case-control, cohort or proportional or standardized mortality or morbidity ratio studies (PMR, SMR); (ii) the outcome of interest was clearly defined as cancer of an anatomical site; (iii) the exposure of interest was occupation as a hairdresser, beautician or barber; and (iv) provided relative risk (RR) estimates and their confidence intervals (CIs) or provided enough data to calculate them (raw data, observed and expected cases in PMR and SMR studies, P-value or variance estimate). Studies on childhood cancers related to the parents' occupation were not considered. To prevent multiple appearances of the same cohort in our analysis, we grouped the studies so that we could trace the same population. We included the most recent study as it generally provided the longest follow-up and the largest number of cases. We carried out as many analyses as different anatomical cancer sites were available. Thus, when RRs of cancer of different anatomical sites were available in the same publication, we used this publication several times. We recorded on a standardized questionnaire study name, year of publication, study design, type of outcome (incidence or mortality), sample size (cases and controls, or number of exposed cases for PMR, SMR and cohort studies), type of controls for caseÀcontrol studies (hospital or population controls), variables used for adjustment or matching, and effect measures with their corresponding 95% CI.
Quality assessment
As no universal scale is available for measuring quality of observational studies, we followed the recommendations of the MOOSE guidelines and assessed the quality of key components of design separately rather than generate a single aggregate score. 13 Following this recommendation, we assessed study quality based on the following five criteria, which contain elements of the Newcastle-Ottawa Quality Scale, 16 labelled as 'yes' or 'no'. For a comprehensive assessment of quality, we chose items that could apply to all designs: (i) whether the target population of the study was clearly defined or, on the contrary, the subjects were chosen at convenience; (ii) whether or not the diagnosis of cancer was reliable and included either pathology reports, direct cause on death certificates or information from an established cancer register; (iii) whether or not job assessment was reliable and included duration of employment or job matrix measurement; (iv) whether or not occupation as a hairdresser occurred clearly before cancer onset; and (v) whether or not confounding by smoking was prevented by matching or adjustment. Throughout this assessment, when the information on a specific item was not provided by the authors, we graded this item as 'no'.
Within each item, we calculated two pooled odds ratios (ORs): one for those studies that were labelled 'yes' and one for those labelled 'no'. As a secondary analysis, we carried out a pooled analysis on those studies that fulfilled more than three criteria and compared with those that scored 43.
Quality scoring was performed independently by two reviewers (B.T. and C.R.M.) and the results were merged by consensus. The complete protocol for quality scoring is available upon request from the first author.
Statistical analysis
We weighted the study-specific adjusted log ORs for caseÀcontrol studies and log RRs for cohort studies by the inverse of their variance to compute a pooled RR and its 95% CI. ORs were considered estimates of RRs. We assumed that the person-time of the unexposed group is much larger than that of the exposed group and thus considered SMRs as equivalent to incidence rate ratios. 17 For the same anatomical cancer site, we presented results for mortality and incidence studies separately. Nevertheless, in a second instance, we included incidence and mortality measures of effect together (i.e. SMRs or PMRs and RRs). The difference between mortality RRs and incidence RRs for the same cancer location and exposure is generally small. 18 As recommended by methodologic experts, proportional mortality studies were considered as a variant of the case-control design. 19 We presented both fixed and random effects pooled estimates, but used preferentially the latter when heterogeneity was detected. We used a version adapted to small samples of the DerSimonian and Laird Q test to check for heterogeneity. 20 The null hypothesis of this test is absence of heterogeneity. To quantify this heterogeneity we calculated the proportion of the total variance due to between-study variance (Ri statistic). 20 We further explored the source of heterogeneity by restricting the analysis to subgroups of studies defined by characteristics such as type of study design (case-control or cohort), adjustment factors and quality scale. We assessed publication bias visually through funnel plots and formal testing using the test proposed by Egger. 21 We also performed sensitivity analyses, recalculating the pooled estimates under extreme conditions.
All analyses were performed with the software HEpiMA 
Results
Our search retrieved 247 studies, published in 67 different articles and carried out in 14 countries, on cancer on 22 different anatomic sites among hairdressers and allied occupations that met our inclusion criteria (Tables 1-5 ). We did not find any unpublished study.
One of the most challenging tasks in this metaanalysis was to trace the same cohort in different publications and thus, to avoid including several times the same study population.
Among the studies that could have been relevant to our meta-analysis but were finally excluded, several were discarded because either they were an update of the same cohort or duplicate publications of the same results. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Four studies were excluded because the corresponding CI of the effect measure was either not available, 37, 38 or was undefined as no case of cancer was observed among hairdressers. 39, 40 We also discarded two articles that presented pooled results from previously published studies, and we included the original individual studies instead. 41, 42 When grouped all together, the 247 studies yielded a random effects pooled RR of 1.15 (95% CI 1.12-1. 19 ).
Gynaecologic cancers
We retrieved 41 studies on gynaecologic cancers; 8, [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] more specifically: 16 studies on breast cancer, 8 studies on cervix uteri cancer, 7 studies on corpus uteri cancer and 10 studies on ovary cancer, published between 1977 and 2003 (Table 1) . Compared with other occupations, hairdressers globally present a slight increase in the risk of breast, cervix uteri and ovary, which varies between 6% for breast cancer and 12% for ovary cancer (Table 6 ). Except for corpus uteri cancer, heterogeneity is low, and thus, fixed and random effects pooled estimates are very similar if not identical. Stratifying the analysis by design, we found that the effect subsided among cohort studies for breast cancer. The contrary occurred in other gynaecologic cancers, for which the effect increased among cohort studies and decreased among casecontrol studies.
The 12 incidence studies of breast cancer yielded a pooled RR of 1.03 (95% CI 0.98-1.08), lower than that of the four mortality studies, the result of which was 1.10 (95% CI 1.05-1.16). For ovary cancer, the Restricting the analysis to those eight studies that fulfilled three or more quality criteria slightly attenuated the risk increase for breast cancer (RR 1.02; 95% CI 0.97-1.07), but did not alter the results for other gynaecologic cancers. The stratification by each item of the quality scale did not alter the results for any of the gynaecologic cancers. Table 2 presents the specific RRs for the 59 studies that dealt with haematopoietic cancers.
HAIRDRESSERS AND CANCER
Haematopoietic cancers
When all haematopoietic cancers were analysed together, we observed a risk increase (random effects pooled RR 1.26, 95% CI 1.14-1.38), which was remarkably uniform across design and gender categories. The 39 incidence studies showed a pooled RR that was only slightly higher than the pooled estimate of the 21 studies, the outcome of which was mortality by haematopoietic cancer (RR 1.28, 95% CI 1.10-1.50 for incidence studies and RR 1.22 95% CI 1.10-1.35 for mortality studies).
Separate analyses by cancer site show an increase in the risk for every anatomic site ( Table 7 ). The increase is low for leukaemia and non-Hodgkin's lymphoma, moderate for Hodgkin's disease, and high for multiple myeloma. Heterogeneity of the study-specific RRs was low for Hodgkin's disease, non-Hodgkin's lymphoma and leukaemia (Ri between 0 and 0.16), moderate for all haematopoietic cancers grouped together (Ri ¼ 0.46) and high for multiple myeloma (Ri ¼ 0.75). The results of effect and heterogeneity did not change substantially after we stratified the studies by outcome (incidence/mortality), design, or gender. For every cancer site, those studies that adjusted for smoking showed higher pooled effects and less heterogeneity than those studies with incomplete adjustment. Stratifying by other quality scale variables did not produce any change in the results.
Urinary tract cancers
We retrieved 52 studies on urinary tract tumours: 34 on bladder, 10 on kidney and 8 on prostate (Table 3 ). The 34 bladder cancer studies showed a substantial increase in the risk (RR 1.30, 95% CI 1.20-1.42) ( Table 8 ). Cohort studies, mortality studies and studies adjusted for smoking yielded a higher pooled RR. Other variables of the quality scale did not exert any impact on the results. Heterogeneity of the studyspecific RRs was low (Ri ¼ 0.16), a characteristic that was also found in the analysis of the 10 studies on kidney cancer. For this site, the pooled RR was 1.11 (1.00-1.23). The pooled RR of the eight studies on prostate cancer did not show any effect (RR 1.02, 95% CI 0.89-1.18).
Four studies provided data on hairdressers employed for 410 years. They showed a risk increase that (Tables 4 and 9) . We observed an increase in the risk of colon cancer, which persisted after stratification by design, outcome measure (incidence/ mortality), gender and quality variables. An increase in the risk was also observed for pancreas cancer, particularly for cohort studies (RR 1.22, 95% CI 1.22-1.42). For liver cancer, we observed an increased risk for male hairdressers.
HAIRDRESSERS AND CANCER
Respiratory cancers
We retrieved 18 studies on lung cancer and 12 on larynx cancer (Table 5) . 43, 48, 49, 51, 53, 55, 56, 90, 92, 93, [95] [96] [97] [98] [99] [100] [101] We observed an increase in the risk of lung cancer that rounded to 30% (Table 10 ). Except when restricted to male studies, this increase did not subside after stratification. The effect was higher among cohort studies, female studies, incidence studies and those studies that adjusted for smoking.
The pooled estimates of the 12 studies on larynx cancer show a considerable increase in the risk (random effects pooled RR 1.52, 95% CI 1.11-2.08). This risk is higher when we restricted the analysis to cohort studies (RR 1.68; 95% CI 1.31-2.17) and female studies (RR 2.36, 95% CI 1.03-5.40). The two studies that adjusted for smoking showed an RR of 2.36 (95% CI 1.03-5.40).
Brain, skin and salivary gland cancers
In addition to cancers of specific sites presented above, nine studies were available for brain cancer 51, 52, 55, 93, 95, 102 and seven for melanoma. 51, 52, 55, 56, 93 The pooled estimates were 1.12 (95% CI 1.02-1.24) for brain and 1.03 (95% CI 0.92-1.14) for melanoma. These results did not change substantially after stratification by design or gender. We also found one study that shows that female hairdressers have an elevated risk of salivary gland cancer (RR 2.7, 95% CI 1.1-6.5). 103 
Assessment of publication bias
We did not find evidence of publication bias by examining the funnel plots of the anatomic sites with sufficient number of studies (data not shown, available from first author). We observed some asymmetry on the funnel plots of the studies on lung and bladder cancers. In both cases asymmetry was caused by the extreme result of one study. 92, 99 Except for multiple myeloma (P ¼ 0.03), the regression test of asymmetry yielded inconclusive results for haematopoietic cancers (P ¼ 0.08 for all sites together, 0.33 for Hodgkin's disease, 0.84 for non-Hodgkin's lymphoma, and 0.98 for leukaemia).
To further evaluate the possibility of publication bias in case-control studies, a design that is more probably disregarded by authors and editors in case of null or statistically non-significant results, we performed a sensitivity analysis by recalculating our pooled estimates under the following extreme assumptions: (i) published case-control studies are only half of the studies of occupation as hairdresser and cancer ever conducted; (ii) all unpublished studies found an RR of 1; and (iii) the unpublished studies included as many cases and controls as the average of the published studies. Under these assumptions, the pooled estimates still show a moderate increase in the risk: RR 1.23 (95% CI 1.12-1.34) for lung cancer, RR 1.29 (95% CI 1.04-1.60) for larynx cancer, RR 1.06 (95% CI 1.02-1.10) for bladder cancer, RR 1.06 (95% CI 1.02-1.09) for all haematopoietic cancers, RR 1.12 (95% CI 1.03-1.23) for multiple myeloma.
To check for any change in the pooled estimates that may have occurred after the ban of the most important carcinogenic agents (2,4-diaminotoluene and 2,4-diaminoanisole) from hair dyes in the mid1970s, 3 we restricted our analysis to those studies carried out before this date and compared their pooled estimates with those of the general analysis. We did not find any substantial difference between the results. We could not compare the pooled estimates before and after the ban of those agents as occupational exposure of studies carried out recently may have taken place before the ban.
Discussion
The high number of studies included in our metaanalysis and the consistency of results across anatomic sites and design settings provide strong evidence that cancer risk is higher among employees of the hairdressing industry.
The magnitude of the risk increase is substantial in several anatomic sites: 62% for multiple myeloma, 52% for larynx, 30% for bladder and 27% for lung cancer. The fact that the risk increase is observed for cancers of different anatomic sites may be explained by the existence of multiple exposure pathways (respiratory, dermatologic and systemic). It is also likely that some cancers, such as lung and bladder cancer, may share a common aetiology.
Nevertheless, alternative explanations for the risk increase deserve careful examination. Confounding by known or unknown factors is a non-causal explanation that is often argued to explain associations in meta-analyses. To act as a confounder, a factor must be related to exposure and disease. Besides age and Table 7 Pooled RRs and 95% CIs of haematopoietic cancers among hairdressers and related occupations Proportion of total variance due to between-study variance. Proportion of total variance due to between-study variance. Proportion of total variance due to between-study variance. sex, smoking is traditionally considered as the most important potential confounder of the association of any exposure factor with cancer. There is some evidence that smoking is more frequent among hairdressers than among the general population. 54, 104 However, when we restricted the analysis to those studies that adjusted for tobacco consumption, the magnitude of the association between occupation as a hairdresser and cancer did not decrease. On the contrary, the risk increased in those cancers that are known to be strongly linked to tobacco use (lung, larynx and bladder). Potential confounding by alcohol is unlikely to occur as there is some evidence that alcohol intake is not higher among hairdressers. 104 Unidentified genetic factors are not likely to introduce confounding as this would imply that the election of the hairdressing occupation by a subject is driven by genetic factors, a hypothesis that is biologically not plausible. Genotypic and phenotypic factors may, however, act as effect modifiers of the relation between occupational exposure as a hairdresser and cancer. This would lead to RRs between hairdressing and cancer that are of different magnitudes across alleles. This feature was previously described for N-acetyltransferase-2 (NAT2) phenotype and NAT1 Ã 10 allele, and bladder cancer and non-Hodgkin lymphoma among users of hair dyes. 105, 106 The existence of another unidentified factor associated with both the hairdresser occupation and cancer, which could explain the relation observed, is unlikely. Even if this unidentified factor could double the risk of cancer among subjects exposed to it (RR confounder-disease ¼ 2) and, simultaneously, this factor happened to be twice more prevalent among hairdressers than among other occupations (RR confounder-exposure ¼ 2), the adjusted RR of the relation hairdresser occupation-cancer would still be 1.13 for lung cancer, 1.35 for larynx cancer, 1.21 for bladder cancer and 1.44 for multiple myeloma (assuming one-third of people are exposed to this unknown factor). 107 The existence of an unknown factor so strongly related with the hairdresser profession and with cancer, without being a chemical agent present in the occupational environment of a hairdresser, is highly improbable.
HAIRDRESSERS AND CANCER
The overwhelming majority of the studies included in this meta-analysis were carried out in the USA and Europe, with the exception of Japan and New Zealand. The conclusions may then not generalize to other populations.
Our meta-analysis may be limited by the fact that we included studies that used information systems, such as death certificates, that may present incomplete information on confounders and occupational exposure. 32 We overcame this caveat by restricting, in a second stage, our analysis to studies that measured incidence only, and excluding studies based on death certificates. The results did not change substantially.
Except for the very limited assessment of duration of employment in four bladder cancer studies, we could not assess the existence of a dose-response gradient as no data were available on duration of employment or exposure intensity in the studies included in this meta-analysis.
Hairdressers are chronically exposed to potentially harmful chemicals contained in hair dyes. The use of the most aggressive agents was discontinued three decades ago. A deceleration in the risk increase is then expectable in those studies carried out partially or completely after this ban. We were not able to find evidence of this change. It is then probable that hairdressers and allied occupations continue to be exposed to DNAdamaging agents other than those contained in hair dyes, such as formaldehyde, metacrylate and acetone, the concentration of which may be excessive in the air of hairdresser salons. 104 IARC does not attribute specific causality of carcinogenicity among hairdressers to hair dying agents, but does mention that over 5000 chemicals are present in the environment of these workers. 15 Also, it should be mentioned that due to the long latency period between exposure or its removal and the occurrence of cancer, the comparison of studies carried out between and after the ban is not straightforward. If an effect exists, only the most recent studies and, more probably, the forthcoming studies may provide evidence if the banned problematic hair dyes were involved in increased cancer risks in hairdressers or not.
The fact that cosmetics are generally exempted from the labelling information that is required for other chemicals increases potential hazard in subjects frequently exposed to them. 31 In fact, detection and prevention measures related to industrial hygiene have only recently been instituted in hairdressing and nail care salons. 108 A recent study found that none of the hairdresser salons surveyed in central and suburban areas of a large city had any ventilation system. 109 Furthermore, it is remarkable that only about one-third of hairdressers in Nordic countries have used protective gloves while using hair dyes. 110 In conclusion, our results show that hairdressers and allied occupations have a higher risk of cancer than the general population. The risk increase is substantial for lung, larynx, bladder cancer and multiple myeloma and less marked for Hodgkin's disease, nonHodgkin's lymphoma, leukaemia, ovary, breast, kidney and colon cancer. Improvement of the ventilation system in the hairdresser salons and implementation of hygiene measures aimed at mitigating exposure to potential carcinogens at work may reduce the risk. 
